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Recently the iatrogenic induction of this syndrome, arising secondarily to the treatment of patients with acute thromboembolic complications by enzymatic means, has both enhanced its importance and offered unique opportunities for its investigation (19) (20) (21) (22) (23) . Data on the coagulation defect and the associated hemorrhagic diathesis resulting from the therapeutic infusion of plasminogen activators suggested that the pathogenesis of the coagulation defect was related directly or indirectly to the proteolysis of fibrinogen and the production of an inhibitor interfering at the stage of fibrinogen-fibrin conversion (19, 24) .
It will be the purpose of this communication to describe the coagulation anomalies developing in streptokinase-treated patients and in others in whom hyperplasminemia1 arose spontaneously; to indicate the essential identity of these states; to describe their simulation by in vitro experiment; and to suggest that the coagulation anomaly, developing during hyperplasminemia, may be primarily explained by the concept that fibrinogen, or fibrin proteolysis, or both lead to the production of breakdown products which interfere at the stage of fibrinogen-fibrin conversion. In a fur- 1 The word "hyperplasminemia" is used to designate a pathological state of enzymatic activity in plasma during which substrates susceptible to plasmin action may be destroyed. As will be apparent from the first section in this communication, hyperplasminemia in vivo is a complex equilibrium state controlled by a number of interrelated and competing reactions. 896 PATHOLOGICAL PLASMA PROTEOLYTIC STATES ther communication (25) we will describe the pathogenesis of a uniquely determined coagulation defect-defective fibrin polymerization-in which a specific inhibitor, derived from the proteolysis of fibrinogen, interferes with the polymerization of fibrin monomer and thus with normal clotting.
The present communication will be divided into six separate but interrelated sections: 1) the effects of the hyperplasminemic state in man and its simulation in vitro; 2) the properties of fibrinogen digests prepared by enzymatic digestion; 3) coagulation findings in vivo during hyperplasminemia and in vitro after adding fibrinogen digest to plasma; 4) electrophoretic identification of fibrinogen digest products in plasma; 5) the relation between fibrinogen proteolysis and the coagulation anomaly observed in vivo; and 6) recovery from the effects of hyperplasminemia.
MATERIALS AND METHODS

Preparations
Two batches of purified bovine fibrinogen (922 and 99 per cent 3 of the nitrogen being clottable by thrombin) were used. Purified human fibrinogen (91 per cent of the nitrogen being clottable by thrombin) was prepared by the method of Kekwick, Mackay, Nance and Record (26) , dissolved in citrate buffer, and stored frozen in small aliquots. Fibrinogen was iodinated with 1"31 as previously described (20) .
Plasminogen was prepared and plasmin obtained by its spontaneous activation in glycerol as previously described (27) , or by activation with streptokinase, the plasmin later being rendered activator-free (28) . Enzymatic activity was expressed in casein units (29) .
Trypsin 4 was a salt-free twice crystallized preparation assaying at 0.25 casein U per ,lg and soybean trypsin inhibitor (SBTI),4 a crystalline preparation. Thrombin (Parke-Davis) was dissolved in 50 per cent glycerol solution and stored at -20°C. Heparin was a highly purified commercial preparation.5 e-Aminocaproic acid was a highly purified, doubly recrystallized preparations Streptokinase (SK) was supplied in the form of a highly puri- 2 fied preparation or as -Varidase. 7 Tosylarginine methyl ester (TAMe) was a crystalline preparation. 8 Fibrinogen digests were prepared by incubating a 1 per cent solution of fibrinogen (borate buffer 0.1 M, pH 8.0) at 250 C with plasmin to a final concentration of 2 to 5 casein U per ml, or trypsin to a final concentration of 2 to 5 casein U per ml. Every 5 minutes, 0.05 ml of specimen was assayed for its ability to prolong the thrombin clotting time of the test system (vide infra); after a plateau of activity had been attained, residual enzyme was inhibited with SBTI. Aliquots were stable when stored at -20°C.
Methods
Plasma fractionation with ether was performed by the method of Kekwick and Mackay (30) , the F,, F2, and FW fractions being isolated. Electrophoretic patterns on these fractions were similar to those reported by the original authors. Plasma fractionation with alcohol (Cohn fractionation) was performed by the method of Lever and co-workers (31) . SBTI was added to a final concentration of 0.1 mg per ml to material subjected to fractionation and to subfractions to prevent proteolysis. SBTI was similarly added to specimens undergoing dialysis prior to electrophoresis. Boundary (Tiselius) electrophoresis was performed in a Perkin Elmer 9 38 A apparatus, the 2-ml cell being employed. All runs were made with barbital buffer, 0.1 ionic strength, pH 8.6. The adequacy of specimen dialysis was checked by conductivity measurements. 10 One-stage prothrombin times, two-stage prothrombin assays, Factor V (accelerator globulin) assays, antiplasmin assays, plasma plasminogen assays, platelet counts, and the thrombin clotting time were performed as previously described (19) . However, where fibrinogen proteolysis mixtures were assayed, the thrombin clotting time was determined in the presence of added plasma [0.05 ml specimen, 0.05 ml standard bank plasma, 0.3 ml thrombin titration mixture (32), and 0.1 ml thrombin (10 U per ml) ] the control clotting times were 12 to 14 seconds. Recalcification times were determined in glass tubes using 0.2 ml oxalated plasma (blood centrifuged for 10 minutes at 3,000 rpm) and 0.2 ml 0.025 M CaCl. at 370 C.
Fibrinogen was estimated by the method of Ratnoff and Menzie (33) , modified both by the addition of 0.1 ml 1 per cent SBTI to prevent further proteolysis, and a 12hour precipitation period to ensure complete recovery of the precipitate. Results were in agreement with those obtained by an immunological method." Where plasminogen activator concentration in plasma was known to 7 cent of pretreatment levels and averaged, but the range of antiplasmin determinations is also shown. A substantial excess of antiplasmin was present in the plasma of all patients throughout the course of treatment, despite the fact that complete activation of plasma plasminogen occurred in every case. be high, e-aminocaproic acid (29) to a final concentration of 0.02 M was used instead of SBTI. With these modifications, fibrinogen added to SK-treated plasmas was quantitatively recovered.
Nonclottable I"'-labeled fragments. During the proteolysis of I"'-fibrinogen, it was expedient to determine the quantity of labeled fragments remaining in the supernatant after clot formation; 0.15 ml specimen, 0.65 ml plasma, and 0.1 ml SBTI (10 mg per ml) were clotted by the addition of 0.1 ml thrombin (100 U per ml). Clots were wound out on wooden applicator sticks and the supernatant left in the cold overnight; any further clots were then removed. Radioactivity in the clots and in the supernatant was determined as previously described (34) .
TCA-soluble tyrosine. Aliquots (0.3 ml) of fibrinogen undergoing proteolysis were added to 0.7 ml 10 per cent trichloroacetic acid (TCA). The precipitate was washed with 7 per cent TCA and dissolved in 0.5 N NaOH and tyrosine determined on supernatant and precipitate with the Folin-Ciocalteau reagent (27) . - The method of patient treatment with SK was as previously described and certain of the findings reported here refer to the original group of patients (19, 23) . Hyperplasminemia developing in association with various disease states was diagnosed by the criteria listed in the Appendix.
The nomenclature of blood clotting factors accepted by the International Committee on Blood Clotting Factors (35, 36) has been followed. Standard statistical methods were employed (37) .
RESULTS
Effects of hyperplasminemia in man and its simulation in vitro
Patients receiving large doses of the plasminogen activator, streptokinase, develop hyperplasminemia because of activation of endogenous plasma plasminogen. Detailed observations on this condition have been reported (19) and attention drawn to its usual self-limiting and transient course.
In vitro assays reveal that whereas plasma plasminogen averages 3 casein U per ml, plasma antiplasmin averages 5 casein inhibitor U per ml (19) . Shown in Figure 1 are assays for plasma antiplasmin made on serial samples drawn from five patients who received SK therapy. The average plasminogen levels are plotted on the figure and antiplasmin values are expressed as percentage of the original starting concentration (mean and range of the observations are shown). At 3 hours, by which time 90 per cent of the plasminogen had been activated, antiplasmin values had fallen to 50 per cent of the original (range, 65 to 35 per cent); with continued treatment, even though plasminogen levels slowly fell to zero or near zero levels, antiplasmin levels commenced to rise and by the fifteenth hour were 80 per cent of the starting value (range, 100 to 65 per cent). Noteworthy is the finding that at all times and in all patients uncomplexed antiplasmin was present in substantial amount.
However, despite the presence of excess antiplasmin in the plasma, the patients' plasma fibrinogen fell an average of 25 per cent and all developed a coagulation defect, the average onestage prothrombin time rising from 15 to 24 seconds. Figure 2 illustrates serial determinations of plasma plasminogen, fibrinogen, and the severity of the coagulation anomaly (measured by prolongation of the thrombin clotting time) following the treatment of plasma with three different concentrations of SK (20, 40 , and 80 SK U per ml plasma).
The two higher concentrations of SK (40 and 80 U per ml) caused a more severe coagulation 898 PATHOLOGICAL PLASMA PROTEOLYTIC STATES defect and a greater fall in plasma fibrinogen and plasminogen than did the lowest concentration (20 SK U per ml). However, interesting differences were apparent between the effects of the 40 and 80 SK U per ml concentrations. Both concentrations effectively reduced plasma plasminogen to zero or near zero levels, but as indicated in the left-hand panel of Figure 2 , the speed with which this reduction occurred was different. The slope of initial plasminogen reduction was approximately twice as fast with 80 as with 40 SK U per ml and this increased rate of plasminogen activation was associated with a significantly greater and faster fall of plasma fibrinogen. A corresponding increase in the severity of the coagulation anomaly also occurred, and this suggested that fibrinogen proteolysis could be related to the coagulation anomaly.
Enzyntatic proteolysis of fibrinogen: Properties of the digestion products Plasmin and trypsin degrade fibrinogen so that it becomes totally incoagulable by thrombin. The resulting enzymatic digests, after the addition of a suitable plasmin or trypsin inhibitor, possess novel properties not exhibited by the native fibrinogen. Whereas a solution of native fibrinogen, when added to a plasma or fibrinogen test system, will normally shorten the thrombin clotting time of the mixture, an equivalent quantity of fibrinogen digest will greatly prolong the PLASMINOGEN-CAS. FIBRINOGEN-MG/ML. THROMBIN Thrombin clotting time (all panels) refers to the ability of the digest to prolong the thrombin clotting time of the standard assay system. This parameter is correlated with the development of TCA-soluble tyrosine (above), and using I3"-labeled fibrinogen with the formation of nonclottable JP`-labeled fragments (below). thrombin clotting time of the mixture.12 Indeed, under suitable experimental conditions, the thrombin clotting time of the mixture may be prolonged to infinity. Figure 3 illustrates serial findings, especially with relation to the development of "antithrombin" activity, occurring during the enzymatic proteolysis of I131-labeled fibrinogen by plasmin or trypsin. The original concentration of fibrinogen was 3.4 mg per ml in the two top sections of the diagram and 10 mg per ml in the two bottom sections; the left-hand sections illustrate experi-ments with two concentrations of plasmin and the 12 Conventional usage would suggest that the term "antithrombic activity" should be applied to designate the property of fibrinogen digestion products in prolonging the thrombin clotting time of normal plasma. Similarly it would be customary to state that during the digestion process an "antithrombin" was formed. This nomenclature is clearly unsatisfactory, for its use implies that a specific mechanism of inhibition has been demonstrated where such is not the case. Nevertheless, because other suitable terms are lacking, the words "antithrombin" and "antithrombic activity" will be used sparingly in this communication, solely for descriptive convenience and without any implications as to the mechanisms of action. The property of fibrinogen or fibrin digests to inhibit clotting of the standard assay system (thrombin clotting time, ordinate) was a function of the concentration of proteolysis products (abscissa) and independent of its source, fibrin or fibrinogen, or the enzyme employed, trypsin or plasmin.
right-hand ones those with two different concentrations of trypsin.
The upper two graphs show that plasmin and trypsin, employed in approximately equivalent proteolytic concentrations, degrade fibrinogen in a virtually indistinguishable manner. 13 In both instances the ability of the digest solution to prolong the thrombin clotting time of the assay system ("antithrombin" action) increased similarly to an equal peak and thereafter remained stable, even though test of residual enzymatic activity at the end of the experimental period of 2 hours showed in both instances less than 20 per cent enzymatic decay. Of additional significance is the fact that although the digest "antithrombin" activity stabilized early in the experiment, further digestion, as evinced by a small but steady rise 13 Purified fibrinogen preparations are invariably contaminated with plasminogen. Consequently, the similarity between the actions of trypsin and plasmin on fibrinogen might result not only from the specific enzymatic actions of trypsin on fibrinogen, but also because this enzyme is a plasminogen activator. of TCA-soluble tyrosine, continued throughout the experiment.
The two lower graphs illustrate different experimental conditions, for in this instance tryptic activity was relatively five times as great as plasmin activity: "antithrombin" activity of the plasmin digest rose more slowly than that of the tryptic digest, but the final recorded activities were equal. The other parameter measured in these experiments was the nonclottable I"3'. This determination (see Methods) involved mixing an aliquot of digest (to which an enzyme inhibitor had been added) with plasma, clotting the mixture with thrombin, and determining the amount of supernatant radioactivity. The lower two graphs show that the nonclottable 1131 assay paralleled, in both experiments, the rise of "antithrombin" activity. However, in neither instance was more than 90 per cent of the I131 detected in the supernatant.
It may be inferred from Figure 3 that trypsin and plasmin exert quantitatively similar actions on fibrinogen, at least as far as the ability of both species of proteolysis products to prolong the thrombin clotting time of the assay system is concerned. The validity of this inference is confirmed by Figure 4 . Ordinate values are similar throughout, but the abscissal scales are different: at the left, the scale is time in hours; in the middle, time in minutes; and on the right, concentration of fibrinogen proteolysis products. The general similarity (see text) between the coagulation findings recorded in each panel is evident. assay system as a function of the concentration of plasmin or trypsin proteolysis products. Prolongation of thrombin clotting time in the assay system was influenced solely by the concentration of proteolysis products and was independent of the enzyme employed.
The data displayed in Figure 4 also demonstrate that fibrin may be substituted for fibrinogen as the source of proteolysis products without quantitative disturbance in the yield of "antithrombin." The experiment was conducted by clotting an aliquot of fibrinogen with a small quantity of thrombin prior to enzymatic digestion, and comparing the effect of this digest to that of a control fibrinogen aliquot. The yields of "antithrombin" were similar in every case. Figure 5 shows the effect on the thrombin clotting time of adding two separate concentrations of fibrinogen proteolysis products to varying concentrations of fibrinogen. The graph is plotted in Lineweaver-Burk form; the abscissa is the reciprocal of the fibrinogen concentration and the ordinate is clotting time in seconds (a reciprocal of reaction velocity). The control and fibrinogen proteolysis product assay lines intercept on the ordinate, suggesting that fibrinogen proteolysis products "competitively" inhibit at one or more stages of the over-all reaction of fibrinogen-fibrin conversion by thrombin.
The coagulation defect arising in patients and its in vitro simulation Figure 6 (left-hand portion) shows serial coagulation assays on a patient receiving streptokinase therapy. Maximum abnormalities in the one-stage prothrombin test, thrombin clotting time, fall of Factor V activity, and fall in fibrinogen occurred after 4 hours' treatment, at which time plasminogen levels were zero or near zero. Despite the continuance of therapy, the coagulation abnormalities showed steady improvement during the next 16 hours, by which time the plasma fibrinogen had risen to normal levels. This patient exhibited no clinical evidence of a hemorrhagic diathesis. Occasionally, under these circumstances (19) severe coagulation abnormali- The left-hand panel shows normal plasma, plasma from a patient with hyperplasminemia, and a plasma containing fibrinogen proteolysis products (1.8 mg per ml). The right-hand panel shows normal plasma, plasma containing urea (120 mg per ml), and plasma containing TAMe (5 mg per ml). With the exception of the TAMe-containing plasma, the difference in thrombin clotting time between the normal and abnormal plasmas was unaltered by increase of thrombin concentration.
ties may be produced and a clinically important hemorrhagic diathesis may result.
The middle portion of Figure 6 illustrates serial coagulation assays made on a plasma specimen to which SK had been added in vitro. The time scale in this instance is in minutes as compared to the time scale of hours as shown on the left. The middle section illustrates a more profound degree of hyperplasminemia as plasminogen activation was faster, the fall of fibrinogen was greater, and the respective changes in the onestage prothrombin test, the thrombin clotting time, and the fall of Factor V activity were somewhat greater. Since this was an in vitro test system, the coagulation defect ultimately stabilized and there was no recovery phase. Despite these differences, attendant upon the use of a different experimental model, the changes between the left and middle portions of Figure 6 show remarkable qualitative similarities.
The right-hand portion of the diagram illustrates the effects of adding increments of fibrinogen digest (prepared by plasmin digestion of fibrinogen with subsequent inhibition of plasmin) to normal plasma. Noteworthy is the fact that the rise of one-stage prothrombin and thrombin clotting times was roughly proportional to the quantity of added digest; but since free enzyme was lacking, assays for Factor V activity were unaltered. In all three diagrams the rise of onestage prothrombin time essentially paralleled the prolongation of the thrombin clotting time, a correlation established as highly significant in a large series of patients treated with SK (19) . The essential similarity of the coagulation findings in these three experiments in which fibrinogen, either digested in plasma in vivo, in vitro, or predigested and then added to plasma, suggested that fibrinogen proteolysis might underlie the main coagulation anomaly, although it would not account for the findings with respect to fall in Factor V concentration.
The left-hand portion of Figure 7 shows thrombin clotting times as a function of thrombin concentration for normal plasma, plasma from a patient with hyperplasminemia of "spontaneous" origin occurring during the course of leukemia, and plasma containing fibrinogen proteolysis products. The three curves over the greater and relevant part of the experiment remain essentially parallel and distant from one another; particularly significant is the finding that over the higher range of thrombin concentrations the individual plasma determinations were not only parallel to one another but also to the abscissa (plasma from SK-treated patients, not illustrated, showed similar characteristics). The right-hand portion of the figure illustrates a similar experiment in which normal plasma, plasma containing urea [an in-100 Fibrinogen in all: 225mg% wE 8j0 Plasma There is a marked similarity between the findings recorded for the abnormal plasmas in the middle and right-hand panels. The results indicate that, although the effects of heparin and fibrinogen proteolysis products or SK treatment are additive, protamine sulfate corrects only the heparin defect.
hibitor of fibrin polymerization (38) ], and plasma with TAMe [a thrombin inhibitor (39) ] were used. The normal and urea-containing plasma curves exhibit the same relationship to each other as do the normal and abnormal curves in the lefthand portion of the figure, but the TAMe plasma does not; the latter curve is of a different shape and the thrombin clotting time anomaly is partially corrected by high thrombin concentrations.
The left-hand portion of Figure 8 shows thrombin clotting time as a function of plasma concentration for a normal plasma, plasma from a SKtreated patient, and plasma containing fibrinogen proteolysis products. These three dilution curves are of similar shape, but are significantly separated throughout their course (plasma from a patient with spontaneous hyperplasminemia, not illustrated, showed similar characteristics). The right-hand portion of the figure illustrates an identical experiment with normal plasma, ureacontaining plasma, and TAMe plasma; the urea plasma exhibits an equivalent dilution curve to the plasmas shown in the left-hand section of the figure, but the TAMe-containing plasma demonstrates dissimilar characteristics. Figure 9 illustrates heparin tolerance curves ,on normal plasma, normal plasma with fibrinogen breakdown products, and plasma from a SK--treated patient. In each instance the effect of neutralizing heparin action with protamine sulfate is also shown. The abnormal plasmas (shown in the middle and right sections of the diagram) differ from the normal plasma (shown on the left) inasmuch as, at first sight, they appear to have a much smaller tolerance for heparin. Nevertheless, after neutralization with protamine sulfate, the protamine sulfate and control curves . Although many of the patients' plasmas demonstrated evidence of a coagulation anomaly (thrombin clotting time >12 seconds), only three showed prolonged recalcification times (>140 seconds), and evidence of correlation between these parameters was lacking (p > 0.1). exhibit precisely the same relationship in each separate panel of the diagram, indicating that neither in the plasma containing exogenously added fibrinogen proteolysis products nor in that from the patient does protamine sulfate correct the coagulation anomaly. The relationship of thrombin clotting time to recalcification time in patients receiving SK therapy is shown in Figure 10 . Serial observations (12 patients, 32 observations) revealed no consistent patterns with respect to recalcification times, and the majority of the observations fell within the normal range. Moreover, as is evident from the figure, there was not only a complete lack of correlation between these parameters, but a marked increase of the thrombin clotting time was frequently associated with a normal recalcification time.
Electrophoretic identification of fibrinogen digest products in purified solution and in plasma Enzymatic digestion of fibrinogen by trypsin 13 or plasmin produces characteristic alterations in the electrophoretic pattern examined by boundary (Tiselius) electrophoresis, characteristics that may, under restricted circumstances, be used for the identification of the digestion products. Figure 11 illustrates representative electrophoretic patterns of fibrinogen subjected to enzymatic digestion. Similar patterns were observed in both limbs of the cell, but for the sake of simplicity, only descending limb patterns are shown in Figure 11 . On the left is seen the electrophoretic pattern of native fibrinogen, and successively, the patterns obtained after this fibrinogen had become totally incoagulable after its spontaneous breakdown or its treatment with plasmin 904 PATHOLOGICAL PLASMA PROTEOLYTIC STATES or trypsin. The three degraded fibrinogen patterns show essentially similar changes, since, although the experimental conditions were different, the final patterns may all represent the results of plasmin 14 action on fibrinogen.
Compared with the control pattern, the three patterns of degraded fibrinogen show a main peak of mobility similar to that of the original fibrinogen and a second ill defined peak of greater mobility. Clearly, the second peak is not electrophoretically homogenous, but its presence serves to identify fibrinogen proteolysis products. Trace components with mobilities of 4.0 to 5.0 cm2 per volt-sec x 10-5 were also detected in some patterns, but their presence was inconstant and their quantity small so that they could not be clearly distinguished from other plasma components carried down in the fractionation process.
The significance of these observations for the identification of fibrinogen proteolysis products contained either in plasma or in purified systems is supported by other electrophoretic data. Fibrinogen, either in the purified state or separated from plasma [F1 fraction, Kekwick ether method 15 (30) ], gives a sharp peak with a mobility of 2.15 + 0.05 cm2 per volt-sec x 10-5 (range of 20 determinations, 2.11 to 2.26). However, samples containing fibrinogen proteolysis products in addition to fibrinogen (also separated by the Kekwick ether method) showed one peak with a mobility of 2.18 ±-0.08 cm2 per volt-sec X 10-5 (range of 23 samples, 2.10 to 2.28) and a second with a mobility of 2.88 + 0.22 (range of 23 samples, 2.69 to 3.40). Trace components with a higher mobility (vide supra) were not used for identification purposes. 14 It is generally accepted that spontaneous fibrinogenolysis occurs because contaminating plasminogen undergoes spontaneous activation. Similarly as we have indicated in footnote 13, it is possible that, under the present experimental conditions, the activator action of trypsin on contaminating plasminogen may be significant in determining the ultimate pattern of fibrinogen digestion.
clear of the field under study. Consequently, the F, fraction was routinely used for electrophoresis, and examination of the FW fraction (80 per cent of the nitrogen clottable by thrombin) was only used to check results.
Electrophoretic examination of whole plasma before and after the addition of sufficient SK to produce a coagulation defect revealed only that the fibrinogen peak was diminished. Accordingly electrophoretic studies were made on various plasma fractions and these also are illustrated in Figure 11 . A plasma sample, to which SK had been added, was fractionated by the Cohn procedure after the thrombin clotting time had risen from 10.1 to 18 seconds. Cohn fraction 1 + 3 of the SK-treated plasma showed the anomalies characteristic of fibrinogen proteolysis when compared with Cohn fraction 1 + 3 from the untreated plasma. Furthermore this fraction of SK-treated plasma prolonged the thrombin clotting time of the plasma test system to 15.2 seconds, whereas the thrombin clotting time of the test system with the fraction from the untreated plasma added was 10.3 seconds. The other Cohn fractions from the SK-treated plasma did not prolong the thrombin clotting time of the assay system.
Similarly, fractionation of paired samples by the Kekwick ether method and examination of the respective F1 fractions, revealed that the samples from SK-treated plasma showed not only the electrophoretic stigmata of fibrinogen proteolysis products, but also prolonged the thrombin clotting time of the assay systems. Shown in Figure 11 (bottom line) are the F1 electrophoretic patterns from a control plasma, a SK-treated plasma and a plasma from a patient who developed hyperplasminemia during his terminal illness due to lymphatic leukemia. In both hyperplasminemic plasmas the F1 fibrinogen peak is reduced in size and deformed in its advancing limb because of admixture with faster moving components; in both instances the F1 fraction prolonged the thrombin clotting time of the assay systems.
Electrophoretic methods for demonstrating the presence of fibrinogen digest products in plasma proved to be qualitative rather than quantitative, since a portion of the product present could not be distinguished electrophoretically from fibrinogen, and considerable loss of digest product occurred in the fractionation step preliminary to electrophoretic examination. This loss, which appeared to be of the order of 50 per cent, could not be precisely quantitated, because the coagula- tion test system 16 was influenced by factors other than the quantity of added fibrinogen digest product. Nevertheless, the method afforded a demonstration of the presence of an abnormal molecular species in plasma exhibiting the coagulation anomaly. Moreover, the electrophoretic patterns showed this entity to have the stigmata of fibrinogen digest products, and the fractionated samples inhibited the coagulation assay system in the predicted manner.
Fibrinogenolysis and the coagulation anomaly observed in streptokinase-treated patients The contention that fibrinogen proteolysis secondary to hyperplasminemia causes a specific co-, agulation anomaly, due not to the development of hypofibrinogenemia but to the presence in plasma of fibrinogen proteolysis products, requires the support of clinical evidence. Such evidence has 16Although other fractions prepared by the Kekwick procedure had no detectable action in prolonging the thrombin clotting time of the assay system, some inhibition was noted with the supernatant from the F1 procedure, although this effect was relatively small. Incomplete precipitation of the fibrinogen breakdown products was believed responsible. been gathered in patients receiving SK therapy for acute thromboembolic vascular disease.
Patients receiving intensive SK therapy develop a coagulation defect that is usually maximal in degree during the first 6 hours of treatment; for this reason the data shown in Figure 12 were obtained during this period (62 observations on 29 patients). The increase of thrombin clotting time over pretreatment levels, the parameter (24, 25) that best serves to measure the severity of the defect, is plotted on the ordinate of both panels in Figure 12 . On the left, increase of thrombin clotting time is plotted against the plasma fibrinogen level and on the right against the fall of plasma fibrinogen (control pretreatment concentration minus actual plasma fibrinogen at time of sampling). Correlation coefficients have been calculated for both sets of data and regression lines fitted.
Inspection of the data in the left-hand panel of Figure 12 shows that the severity of the coagulation defect was frequently unrelated to the development of hypofibrinogenemia, as the severe form was sometimes seen when plasma fibrinogen levels were in the normal range. However, a low but statistically -significant degree-of correlation (0.05 > p > 0.02) existed between fibrinogen concentration and increase of thrombin clotting time. The low value for the correlation coefficient and the slope of the regression line 'n suggested that the apparent relationship between these parameters was secondary rather than primary. The right half of Figure 12 illustrates the increase of thrombin clotting time plotted against the fall of fibrinogen. These observations were correlated in a highly significant manner (p < 0.001) and suggested that the degree of coagulation anomaly was related to the extent of fibrinogen proteolysis. Interpretation of the highly significant inverse correlation coefficient (and the corresponding regression equation) demonstrated to exist, by in 17 The regression equation indicates that for every 100 mg per 100 ml reduction in plasma fibrinogen concentration the thrombin clotting time changes only 3 seconds, a calculated figure at such obvious variance with the recorded data that the apparent relationship between increase in thrombin clotting time and hypofibrinogenemia is unlikely to be a primary one. vivo, investigation, -between increase -of thrombin clotting time and fall of plasma fibrinogen (righthand portion of Figure 12 ) involves consideration of comparable in vitro findings. Such in vitro data is shown in Figure 13 . Increase of thrombin clotting time is plotted on both ordinates of Figure  13 ; the left-hand panel shows this parameter plotted against the fibrinogen concentrations of progressively diluted plasma and on the righthand side plotted against concentrations of fibrinogen proteolysis products added to two plasma test systems. Plasma dilution caused only a minor increase of the thrombin clotting time (left side of Figure  13 ) until a critical concentration of 100 to 150 mg fibrinogen per 100 ml was reached; thereafter a rapid increase of thrombin clotting time occurred with further dilution. These findings with respect to dependence of thrombin clotting time on plasma fibrinogen concentration are comparable to the in vivo data shown in the left-hand panel of Figure 12 , although here actual plasma fibrinogen values below 100 mg per 100 ml were not encountered. 00 200 300 400 500 600 PROTEOLYSIS PRODUCTS ADDED MG/IOOML.
FIG. 13. INFLUENCE OF FIBRINOGEN CONCENTRATION AND FIBRINOGEN PROTEOLYSIS PRODUCTS
ON THE PLASMA THROMBIN CLOTTING TIME. The left-hand panel shows the effect on the thrombin clotting time (ordinate) of plasma dilution expressed in terms of fibrinogen concentration (abscissa) little change occurs in this parameter until the plasma fibrinogen concentration is reduced to 100 to 150 mg per 100 ml. (Open circles, plasma diluted with serum; solid dots, plasma diluted with saline.) The right-hand panel displays, on the ordinate, the increase of thrombin clotting time resulting from the addition of fibrinogen proteolysis products (concentration on abscissa) to plasmas containing, respectively, 110 and 250 mg fibrinogen per 100 ml. Increasing fibrinogen proteolysis product concentration induced a linear increase of thrombin clotting time, but the slopes of the increase were markedly different, being less with the higher fibrinogen concentration. Since the in vitro plasma fibrinogen concentrations were -similar to those, determined ix, vivo (Figure 12 The ordinate is milligrams of proteolysis products per ml plasma (exponential scale, calculated) and the abscissa is time in hours after the termination of therapy. Two patients, who developed the severest coagulation defect and whose treatment was stopped on this account, showed 50 per cent plasma clearance rates approximately double those of the other three patients illustrated and of an additional six also studied.
The right-hand portion of Figure 13 illustrates in vitro experiments comparable to the in vivo findings recorded in the right-hand portion of Figure 12 .
Since the influence of fibrinogen proteolysis products on coagulation is dependent upon the ratio of proteolysis products to fibrinogen in the test system ( Figure 5 ), the'results of adding these products to two different plasma test systems, the one containing 110 and the other 250 mg fibrinogen per 100 ml, are shown in Figure 13 . Increments of fibrinogen proteolysis products are expressed as milligrams of proteolysis products per 100 ml added to the test system. The values of 110 and 250 mg fibrinogen per 100 ml plasma were chosen to simulate the lowest and the average plasma fibrinogen concentrations recorded in the patients (Figure 12 ). Figure 13 shows that the increase of thrombin clotting time was linearly related to increase of fibrinogen proteolysis product concentration in both plasma test systems, but, as would be expected, the regression slope was substantially steeper in the plasma system containing the lesser fibrinogen concentration as compared with that containing the greater.
Since the majority of plasma fibrinogen values, recorded in Figure 12 , lay within the range of 100 to 300 mg per 100 ml, the in vitro data of Figure  13 represented a reasonable simulation of the average in vivo conditions encountered in the patient studies. Consequently, singular importance must attach to comparison of the regression equation relating degree of fibrinogen proteolysis and thrombin clotting time obtained from the patient data ( Figure 12 ) with that of in vitro experiment (Figure 13 ). To facilitate this comparison, the regression line from the patient studies is plotted (stippled line) in the right-hand panel of Figure  13 , where it is seen to lie in an intermediate position between the two slopes calculated from the in vitro data. Moreover, statistical testing indicated that the regression data from the patient studies did not differ significantly (p > 0.1) from either of the in vitro studies.
Recovery from the effects of hyperplasininemia
Clearance of fibrinogen proteolysis products from plasma. The data discussed in the last section of Figures 12 and 13 indicate that thrombin clotting times may be used to quantitate, with reasonable precision, the concentration of those fibrinogen proteolysis products in plasma causing the coagulation anomaly.
After the cessation of therapy in SK-treated patients, SK is rapidly cleared from the plasma (40) and plasma thrombolytic activity declines similarly. Consequently, serial thrombin clotting time determinations made during the postinfusion phase may be used to calculate the plasma clearance rate of the fibrinogen fragment(s) responsible for the coagulation anomaly. Thrombin clotting times were transformed into milligrams of fibrinogen digest products per milliliter of plasma, using the regression equations previously calculated (Figures 12 and 13 ). Concentration of breakdown products (on an exponential scale) was plotted against time in hours after cessation of infusion, and the 50 per cent plasma clearance rate of the breakdown products determined. Figure  14 displays the data for five patients and confirms the validity of the exponential plot.
The 50 per cent plasma clearance rate for the fibrinogen proteolysis products, calculated from the data of Figure 14 and that obtained from six other patients, ranged from 5 to 15 hours and averaged 9.6 hours. In The control series suffered from early acute myocardial infarction (observation commenced within 14 hours of infarction); the treated series were a similar group of patients, who had received intensive SK treatment for 30 hours. Mean values are given for control patients, and mean and range for the treated series. plasma clearance rate was faster when the coagulation anomaly was of an extreme nature; this phenomenon is seen in Figure 14 in which the two patients who developed severe coagulation defects had 50 per cent plasma clearance rates approximately double those recorded for the other three patients who developed only a moderate degree of coagulation defect.
Recovery front hypofibrinogenemia. Recovery from hypofibrinogenemia, even when this state has been of prolonged duration, is relatively rapid. Figure 15 shows the mean and range of plasma fibrinogen values in eight patients who received intensive thrombolytic therapy for 30 hours. All developed hypofibrinogenemia, the average plasma fibrinogen falling from 300 to 190 mg per 100 ml. After cessation of therapy, plasma fibrinogen levels rose substantially in 24 hours and had reached control levels by 48 hours. Since the treated patients were suffering from acute myocardial infarction in which an early rise in plasma fibrinogen almost invariably occurs, plasma fibrinogen values for seven similarly afflicted untreated patients have also been plotted in Figure 15 . These control values showed the expected rise as a consequence of the disease process itself; over the first 3 days of hospitalization the fibrinogen rose from 320 to 440 mg per 100 ml in an approxi-mately linear fashion with time. This rate of increase is approximately the same as in the SKtreated patients.
Recovery rates from hypofibrinogenemia in these latter patients did not differ significantly (p > 0.1) from other SK-treated patients not suffering from myocardial infarction (19) . Thus, in three classes of patients-those suffering from myocardial infarction, those with hypofibrinogenemia induced by SK treatment, and those suffering from both conditions-plasma fibrinogen rose at the rate of 40 to 55 mg per 100 ml daily. These findings suggest that the patients may have been subjected to a maximal stimulus as regards fibrinogen synthesis and mobilization from extravascular spaces. Consequently, it may be inferred that in conditions unaccompanied by gross disturbance of plasma volume the maximal rate of plasma fibrinogen replacement in the human is of the order of 1.5 g fibrinogen in 24 hours. Since there is evidence that fibrinogen in the extra-and intravascular spaces is in equilibrium and the amount contained in the two compartments is approximately equal (41) , it is probable that the patients were synthesizing fibrinogen at the rate of 3 g per 24 hours. The normal rate of plasma fibrinogen turnover is approximately 17 per cent in 24 hours (41) (42) (43) , and these findings suggest that under these experimental conditions the rate of fibrinogen synthesis, or mobilization, or both, had been approximately doubled. DISCUSSION The etiological factor(s) involved in the genesis of pathological proteolytic states has been the subject of considerable investigation, but precise knowledge as to the importance of various etiological factors has yet to be obtained. Clinically these states may present either on account of a single etiological cause, as in that variety iatrogenically induced as a consequence of thrombolytic therapy (19, 22) and studied in this communication, or as a complex problem of multifactorial pathogenesis, which may involve hyperplasminemia, intravascular coagulation, thrombolysis, depletion of coagulation factors through hemorrhage, and other complications. However, the latter syndrome of complex etiology, which arises secondarily to the presence of disease, operative trauma or other stress, does exhibit many features in common with the iatrogenically induced form; the relationship between the two will be discussed after consideration of the iatrogenic form.
It has long been observed that "purified" fibrinogen solutions, on storage at various temperatures (O to 370 C) slowly or rapidly (depending on the particular fibrinogen preparation and the temperature) become resistant to the clotting action of thrombin (in conventional nomenclature, develop "antithrombin" activity) and finally become incoagulable. Seegers, Nieft and Vandenbelt (44) , who first investigated this problem in a systematic way, demonstrated that during this process at least two electrophoretically separable components (a and /3 derivatives) were formed and they suggested that this action was a consequence of contamination with fibrinolysin (plasmin).
Recently there has been renewed interest in the actions of fibrinogen proteolysis products on the coagulation system. Niewiarowski and Kowalski (45) studied digests of fibrinogen produced by plasmin action, and Triantaphyllopoulos (46) (47) (48) investigated the products arising after the spontaneous dissolution of fibrinogen (presumably similar products); both groups partially purified the active material by ammonium sulfate fraction-ation and concluded that the fibrinogen digest products exerted an antithrombin action. Independently, they concluded, as a result of animal experiment [respectively using the cat (45) and the rabbit (48) ], that in vivo the products of fibrinogen proteolysis interfere sufficiently with thrombin action to produce a coagulation defect. However, the relevance of these experiments to human pathological states was not established.
Ideally, the contention that hyperplasminemia causes a specific coagulation defect related to the presence of fibrinogen digest products in plasma should be supported by evidence demonstrating that: 1) the characteristics of the clinically occurring defect can be reproduced by adding fibrinogen proteolysis products to plasma in vitro; 2) the putative digest product should be demonstrated in plasma showing the defect; 3) the magnitude of the defect should be related to the extent of fibrinogen proteolysis in vivo and correlated with the degree of hyperplasminemia; 4) the extent of the defect should be shown to be at least relatively independent of final plasma fibrinogen concentration; 5) calculations made from in vitro data should be shown to be relevant to prediction of the in vivo coagulation anomaly; 6) the active principle(s) should be isolated from the fibrinogen digest; and 7) the biochemical mechanisms underlying the coagulation defect should be elucidated. Since the experimental hypothesis (vide supra) can be established by fulfillment of requirements 1 through 5, the present communication is restricted to their investigation; the isolation of the active principle from the fibrinogen digest and the demonstration of its biochemical actions is the subject of an accompanying communication (25) .
The evidence displayed in Figures 6-9 indicates that all the features of the clinical coagulation defect (with the obvious exceptions of fibrinogen and Factor V fall, which are direct proteolytic effects) can be simulated in vitro by the addition of fibrinogen proteolysis products to plasma, while the clinical and other in vitro studies demonstrated that the magnitude of the coagulation defect was related to the extent of fibrinogen proteolysis, which correlated with the degree of hyperplasminemia. Although the electrophoretic data relating to the presence of the putative fibrinogen proteolysis products in plasma with the coagulation de-fect can only be interpreted in a semiquantitative manner, the evidence substantiates the hypothesis under test. The finding that the F1 (Kekwick) fraction of plasma, exhibiting the coagulation defect, prolonged the thrombin clotting time of the test systems and showed the electrophoretic stigmata characteristic of fibrinogen proteolysis products is excellent evidence that the former property of plasma depended upon the presence of the latter component (s). F1 fractions prepared from normal plasma exhibited neither of these properties, and fractions 18 other than F1 component, prepared from plasma exhibiting the defect, neither prolonged the thrombin clotting time of the test system nor revealed the presence of fibrinogen proteolysis products on electrophoresis.
The evidence also indicates that hyperplasminemia-developing in plasma and caused by adding plasminogen activator in vitro (49) , infusing it in vivo (19, 21, 22) , or inducing its in vivo release by pharmacological means or stress (50)is a complex equilibrium state governed by a number of simultaneously occurring reactions involving activation, inhibition and the formation of enzyme-substrate complexes. Under physiologic conditions, antiplasmin inhibitor is in excess,19 a phenomenon accounting for our previous inability (20) to demonstrate more than trace amounts of plasmin in the plasma of streptokinasetreated patients. Moreover platelets themselves, or proteins adsorbed to their surface constitute an important additional reservoir of plasma antiplasmin (51) . Thus, only susceptible or abundant substrates, or both, are liable to degradation under in viva conditions (a phenomenon accounting for the apparently preferential enzymatic digestion of fibrinogen and the self-limited nature of the state).
Assays for specific coagulation factors (except Factor V, prothrombin, fibrinogen, and related moieties) were not performed on the patient sam- 18 Except only the original plasma supernatant from F1 fractionation, which contained approximately 85 per cent of the original protein and could not be satisfactorily examined by electrophoretic methods. 19 It is unknown whether this biochemical relationship always obtains in clinical practice. Occasionally patients, often suffering from carcinoma of the prostate with metastases, exhibit long sustained and severe manifestations of excessive plasma proteolysis. Serial antiplasmin levels in such patients have not been reported. ples, because the stage of the coagulation reaction studied, fibrinogen-fibrin conversion, is not influenced by these factors. However, the possible relevance of specific factor depletion in the genesis of the over-all coagulation defect produced by hyperplasminemia merits brief comment. Plasmin, in addition to degrading fibrinogen and fibrin, also degrades other specific coagulation factors (52) (53) (54) (55) (56) (57) (58) ; there is agreement that Factors V and VIII may be destroyed, but disagreement as to whether Factors VII, IX, and prothrombin are susceptible to enzymatic degradation.
We have previously reported that in a similar group of SK-treated patients Factor V concentration fell to approximately 50 per cent of normal, but that neither prothrombin, measured by the two-stage technique, nor the platelet count, was reduced. These findings were confirmed in the present series and in agreement with the results of Donaldson (55) , who in an extensive in vitro study found that the only consistent specific coagulation factor depletion occurring as a consequence of streptokinase addition to plasma related to Factor V concentration. Moreover, recalcification times remained within normal limits in the present series of patients, suggesting that those initial coagulation stages, dependent upon the presence of specific coagulation factors, were not grossly disturbed. This finding is consistent with that of Coon and Duff (54) , who demonstrated in dogs treated with thrombolytic agents that thromboplastin generation was unaltered until fibrinogen was greatly reduced. Consequently, it is unlikely that important depletion of specific coagulation factors complicated the coagulation anomaly due to fibrinogen proteolysis observed in our patients.
Although we conclude that the main direct etiological agent in the genesis of the coagulation defect due to hyperplasminemia is the fibrinogen proteolysis product, the biochemical mechanism by which coagulation is inhibited has not been investigated in detail. We have already indicated 12 that there is cause for dissatisfaction with the present restricted nomenclature by which substances such as fibrinogen proteolysis products, which prolong the thrombin clotting time (and consequently the one-stage prothrombin time), are labeled antithrombin. Indeed the data (Figures 6-9 ) bearing on the properties of the inhibitor detected in 911 the plasma of patients with the defect and in plasma containing fibrinogen proteolysis products do not suggest that the plasmas exhibited true antithrombin activity. The coagulation anomaly can not be diluted out (Figure 8 ), or corrected with either excess thrombin (Figure 7 ) or protamine sulfate (Figure 9 ). Moreover, it was demonstrated that whereas the addition of a known inhibitor of fibrin polymerization, urea (38) , to plasma reproduced the anomaly exhibited by the patient samples, a thrombin inhibitor, TAMe (39) , produced a different type of anomaly.
Consequently, the evidence shown in Figure 5 , which illustrates the competitive relationship between concentration of breakdown products and thrombin clotting time, does not establish that fibrinogen proteolysis products competitively inhibit thrombin action in the absence of further evidence to establish the locus of action. The accompanying communication (25) will demonstrate that fibrinogen proteolysis products interfere with the polymerization of fibrin monomer, and that a uniquely determined coagulation disorder, termed defective fibrin polymerization, underlies the coagulation anomalies developing during the hyperplasminemic state.
These observations have clinical significance not only with respect to the pathogenesis of the hyperplasminemic coagulation defect but also with regard to its treatment. The demonstration that the 50 per cent plasma clearance rate of the abnormal fibrinogen fragment is approximately 9.5 hours indicates that the coagulation defect will spontaneously resolve provided that the hyperplasminemic state is controlled.20 Preliminary clinical trial with E-aminocaproic acid, an inhibitor of plasminogen activation (29, 59) which may be administered intravenously in high dosage, has yielded promising results (60-62) ; as predicted, control of the abnormal plasma proteolysis is followed by a disappearance of the coagulation anomalies within a period of hours (12 to 24 hours).
The present investigation has been concerned with the pathogenesis of "pure" hyperplasminemia 20 Parenthetically it may be noted ( Figures 5 and 13 ) that the therapeutic effect of infusing fibrinogen in such patients may in part be due to the establishment of a ratio between fibrinogen and fibrinogen proteolysis products that permits relatively normal functioning of the coagulation system. of the type seen after its iatrogenic induction or after its in vitro simulation. Clinically, the spontaneously developing coagulation lesion that occurs after surgical intervention or in the course of obstetric complication is of complex etiology. As admirably demonstrated by Soulier and colleagues (4), the hyperplasminemia following surgical intervention is commonly the result of release of both plasminogen activator and thromboplastic material from the traumatized tissue. Similarly, particularly after the work of Schneider (10, 11 ) and others (6-9), it has been appreciated that the hyperplasminemic state complicating obstetric emergencies, particularly abruptio placenta, may arise, at least in part, secondarily to the release of thromboplastic material from the placental site. Characteristic of this latter group of patients, is a severe degree of hypofibrinogenemia (63), a profound reduction in platelet count (6, 7) , and a fall in plasma concentration of specific coagulation factors (6, 7) .
The association between release of thromboplastic material and plasminogen activator is exemplified by the results of two experimental studies involving hypovolemic shock. In one study a phase of accelerated coagulation with intravascular fibrin deposition was demonstrated (64) , and in the other (65) the presence of plasminogen activator release. The individual and synergistic influence of both factors on the production of hypofibrinogenemia in the rabbit has also been studied (66) . Moreover, the injection of thromboplastic material (67, 68) or thrombin (69) into the dog produces both a coagulation defect of the type described in this communication and also a marked fall of plasma plasminogen with a concomitant considerable increase of plasma activator (70) . Of particular interest in this connection is our demonstration ( Figure 4 ) that plasmin hydrolyzes both fibrin and fibrinogen to produce proteolysis products exerting qualitatively and quantitatively similar effects on the coagulation system. Consequently, the release of both thromboplastic material and plasminogen activator might notably increase the severity of the coagulation defect through the rapid lysis of intravascular fibrin deposits. Such a combined release of thromboplastic material and plasminogen activator would be expected to produce particularly severe coagulation anomalies, of the type observed clinically in obstetric patients, 912 since the rate of lysis of fibrin deposited in the presence of plasminogen activators greatly exceeds that of fibrinogenolysis (19, 20, 71, 72) .
Hence evidence of plasminogen-plasmin system activity and a coagulation anomaly due to fibrinogen or fibrin proteolysis may appear and dominate the clinical picture in patients in whom the primary pathological insult was intravascular coagulation. Because the treatment of such patients, by measures directed against the largely secondary "fibrinolytic" state, may predispose the patient to clinical complications resulting from intravascular coagulation, the establishment of a presumptive etiological diagnosis prior to the institution of therapy is important. SUMMARY 1. Patients undergoing treatment with plasminogen activators administered by the intravenous route (thrombolytic therapy) may develop a coagulation defect similar in its main characteristics to that observed in patients, who "spontaneously" develop states of pathological plasma proteolytic activity (pathological "fibrinolytic" states).
2. Digests prepared from purified fibrinogen or from fibrin by plasmin or trypsin action will, on addition to plasma or fibrinogen solutions, inhibit their clotting by thrombin. Addition of such digests to plasma in vitro reproduces the coagulation anomaly developing in patients receiving thrombolytic therapy. Furthermore, both in patients and in vitro, plasma fractionation studies followed by electrophoresis permit the identification of new molecular species, formed from fibrinogen, which reproduce the defect in in vitro assay systems. 3. Studies in patients demonstrate that the observed degree of fibrinogen proteolysis suffices to account, on a quantitative basis, for the entire degree of major coagulation anomaly which develops.
4. It is suggested that the major coagulation defect, developing during states of pathological plasma proteolytic activity, relates to the presence of proteolysis products, formed from fibrinogen or fibrin which circulate in plasma.
APPENDIX
Diagnosis of the hyperplasminemic state. The findings reported here and previously (24) suggest that current concepts concerning the significance of certain laboratory criteria employed to establish the diagnosis of hyperplasminemia may need revision. Because the coagulation findings in this disorder, considered apart, are nonspecific (73) , their etiological significance can only be established by demonstration of concomitant alterations in plasminogen-plasmin system activity.
Endogeneously released plasminogen activator contained in plasma is highly unstable at 370 C (50) and in vivo investigation has demonstrated that its appearance in plasma may be transient; high levels of activity often persisting for only a few minutes (34) . Consequently, in clinical practice where laboratory tests to establish the diagnosis of hyperplasminemia are usually requested some time after the onset of a hemorrhagic diathesis, reliance cannot be placed upon nor does the diagnosis rest upon the detection in high concentrations of the etiological agent, plasminogen activator, in plasma. In our experience, using quantitative assay methods (70) , the plasminogen activator content of such specimens is usually raised, but only within the range 2to 10-fold greater than normal values. Occasionally, when the clinical onset has been sudden, levels of 20 to 100 times normal may be assayed; conversely, although rare, plasminogen activator activity may be within the normal range but all other diagnostic criteria are satisfied (vide infra).
Fortunately, plasminogen activator release of sufficient degree to cause hyperplasminemia produces other changes of reliable diagnostic value. Chief of these is a substantial fall of plasma plasminogen; the finding of values below 2 casein U per ml plasma is an invaluable diagnostic indication of recent hyperplasminemia, and in many patients values as low as 1.0 to 0.5 U per ml may be found. Assay for the enzyme plasmin, for the reasons advanced previously (20) and examined in the first section of this paper, is not normally valuable, although some small increase of plasma esterase activity (BAMe and TAMe substrates) may sometimes be detected.
The coagulation defect occurring as a consequence of hyperplasminemia has been the subject of this paper, and its demonstration plus the finding of decreased plasma plasminogen together with some increase of plasma activator permits a diagnosis of hyperplasminemia. However, it is emphasized that marked increase of plasma activator may be lacking and the diagnosis may occasionally be made in its absence. Parenthetically it may be noted that this latter situation (a coagulation defect with lowered plasma plasminogen, but with no demonstrable excess of plasminogen activator in the plasma) is most clearly seen in streptokinase-treated patients after cessation of therapy (19) , where the induced coagulation defect and the lowered plasminogen persist for many hours after all evidence of plasma thrombolytic activity has disappeared.
